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I, Lmy L, McGuire, declare as follows: 

1. My some is Larry L. McGwire. I om ov®r eigkeea yeoa*s of ago, suiSfe? fic® ess^o! 
oar pkysacd Mraiities which dSect my capacity to testify and am otherwise coasape&szst by km 
®M by personal knowledge to msk® tMs D®dw$km. 

. 2. lorn on ijidividual whose address is 1381 Coctg M Sol, Port Orange FL 32129, c®d o 
cifcizen of t&ae United States of America. 

3. I am (the inventor of the sutomrtic&Uy adjustable ew suspension for trfe wMdk 5s 
disclosed in U.S. Fat. App, Serf. No. 10/058,203 filed 1/29/2002. 

4. I ssarted doing motorcycle trike conversions in 1989. I hm@ done ow 400 finite 
conventions since then. 1 am on© of the oldest established tri&e converters in tlb© kdsastsy. I 
introduced the internal swing ami design into the marto around 1990, and it is now tfes iadtesy 
standard. I ^currently one of tbslm^ My convtsmosos Ibove wc® 
dossns of trophies for their besutifial aesthetics. My conversions have an ©XG^ticrf x^agdSta 
for reliability md service in the industry. 

5. My invention provides an iaatomstksJly sdjuxstsble resr suspension for arto ^Sdeb 
m&ktoins the motorcycle frame at tine conresi angle relative to tfee surfece uposft wMcfe tfee isfe 
rests* fescouse the proper Jiterae angle can fee sei at the factory. The air spaing® as disrated by tfcs 
valve inaaiiifitain the irame angle at this optimum setting, 

6. A friks whose deck angle is set property will steer better and easier than c®e ^k*ge 
deck angle is not at the optimum value. 
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7. Tribes ©quipped with my inveatioa achieve alEaost twice the tire life of ftrifagc acst 
©quipped with the instaiat inwratioH. In my ©xpsrieace, times on trikes not ©quappeaa wsaSa ak 
springs last ©bout 10,000 miles; tires on trikes ©quipped wiHh m brings last bstwssa 20,000 aa^l 
40,000 sailes. 

8. My competitors have attempted to solve the problems of pushbask and ituao ais^Se by 
decreasing tOie front fork angle to the horiaon. This fix didn't completely work fcseoss© if 
somebody got oato the rear seat, the frame angle would change. In addition, the owastesr 
caused by this configuration severely reduces tfes life of the front tire. 

• 9. The automatically adjustable rear suspension for trike iaventioa was introduced into 
tic© market ia March 2002. At that tome I offered both the autoraatkaflly &8fattc&fo rear 
suspansion for trike invention and the ©jristeat saispeasioa The new eutoaiaticaly c&jmcMG 
rear saspsasiom for trike cost around 10% more. 

10. Within four rnoaths all customs opted to buy the automatically g^jjustaMe rear 
suspension for trike version, evea though it cost around 10% more. 

1 1 . In 2003 my sales were up 20% compared to 2002 sates. The sates forecast for 2004 is 
another 20% over the 2003 sales. 

12. These sales increases are due to the improved ride and stesaing sfcdsd by the 
automatically adjustable rear suspension for trike invention, not due to increases in advertising, 
my matte position, nor price slashing. In fact, my print' advertising actually decreased ia 2003 
compared to 2002: my 2003 advertising budget was 50% less than in 2002, becssssss I was so 
busy' kloie demand for the invention. My tirade show partidptton hm recked 
approximately constant since the ^traduction of the automatically adjustable rear saapensioffl for 
trike- invention. All my other advertising and promotion have remained approximately constant 
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since the iitaoduction of the automatically adjustable fear suspension for fcrike invoESiom. IPrfsoo ' 
have actually increased around 10% with the iiUroduaioia of the automatically adjuetabfe rear 
suspeaeiosi for trike invention. 

13. Many customers with esdstent conversions done by my competition, wMc& Ssavo 
standard rear suspensions, are coming to me requesting to feave the automatically adjustable recur 
suspension for trike invention installed. 

14. Many of my own customers with trite conversions performed by myself are coming 
back- to me requesting to have the automatically adjustable rear suspension for trike mveatien 
installed. 

15. It's important to have the air spring substantially over the axle to pxyvide a mosts 
comfortable ride to the passengers. 

16. Considerable design and development work was required to finalise the design ea the 
L arm configuration so as to place the air spring in the required location, 

■ 17. In the meantime, my competitors are still trying to find a way to overeome tfcs 
problems of pushback and maintenance of the correct frame angle. 

18. The bundling and ride provided by my automatically adjustable rear suspensiosi fosr 
trite invention makes it the best competitive trike suspension design on the market. 

■ 19. Rede and steering characteristics are very important considerations in the easotossasr'o 
mind when deciding what trike suspension to choose. My competitors have attempted to solve 
the kick back and frame leveling problems for years, unsuccessfolly. Both the problem, and tfcs 
likelihood of reward in the marketplace, have long been recognized in the industry. 

20. 1 make the statements contained in this of my own fiee will, without coercion, i am 
willing to testify, and if called to do so, will testify as to the veracity of the <mm®m comteksd 
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Awfato nmaams ran, ^nm 


in this IDsctaion. I hereby declare that ell states^enta made herein of my own famwiledge ore 
ton© m& that all statements ntsde on information aaad belief are believed do be tous; csS Qmtitez 
thsft these ^cS@!R@mte were made with the taowSedge thai willful false stMisamm aad tfcs ife© c© 
mad© are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of tfc? 
United Steles Code and that such willful false statements may jeoparilze the validity of tfca 
or my patent issued thereon. 


Fuaram bssclarant sayeth nauott. 


and subscribed before me 
MrryL. MoGuire 


SEAL 


^■■S c JOHN URIBE 

MY COMMISSION t DD 181647 
T EXPIRES: May 31 ,2007 
Bonded Thru Budget Notary Services 



OR produced identification 
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DECLARATION 


I, Kazuo O'OKA c/o SHIGA INTERNATIONAL PATENT OFFICE, 
2-3-1 Yaesu, Chuo-ku, Tokyo, Japan, understand both English and Japanese, 
am the translator of the English document attached, and do hereby declare 
and state that the attached English document contains an accurate 
translation of Japanese Unexamined Patent Application, First Publication 
No. 2001-066748 and that all statements made herein are true to the best of 
my knowledge. 

Declared in Tokyo, Japan 
This 1 5th day of April 1 5, 2004 
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[Document-type] SPECIFICATION 

[Title of the Invention] FUEL CELL AND FUEL CELL STACK 
[Claims] 

[Claim 1] A fuel cell comprising: j 

a pair of separators sandwiching outsides of an electrode structure composed of 
a pair of electrodes provided on both sides of a solid polymer electrolyte membrane; and 

an outer seal member sandwiched by a pair of separators at a position 

surrounding an outer periphery of said electrode structure; 

' 'i 

an inner seal member sandwiched by one of the pair of separators and an outer 
periphery of said electrolyte membrane; and 

a backing member for reinforcing said electrolyte member placed opposing to 
said inner seal member interposing said electrolyte membrane; 

wherein a step is formed at contact surfaces of said inner seal member and said 
outer seal member on one of said pair of separators. 

[Claim 2] A fiiel cell according to claim 1, wherein said backing member is said 

anode electrode or said cathode electrode. 

[Claim 3] A fuel cell according to claim 1 , wherein said backing member is the 

other one of said pair of separators. 

[Claim 4] A fiiel cell stack, which is formed by stacking a plurality of fuel cells 

r 

according to any one of claim 1 to 3. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a solid polymer electrolyte membrane type fuel 


cell, and a fuel cell stack constituted by, stacking a plurality of said fuel cell units, and 

■ j 

more specifically relates to a technique effective in absorbing increase and decrease in 
the stacking direction of separators. 
[0002] 
[Prior Art] 

Fuel cells include a solid polymer electrolyte membrane type fuel cell 
constituted by providing a pair of electrodes on opposite sides of the solid polymer 
electrolyte membrane and sandwiching the outside thereof by a pair of separators. 
[0003] • 

' j 

In this fuel cell, a passage for ai fuel gas (for example, hydrogen) is provided on 
the whole surface of a separator provided facing one electrode, a passage for an oxidant 
gas (for example, air including oxygen) is provided on the whole surface of a separator 
provided facing the other electrode, and ^passage for a cooling medium is provided on 
either one of the surface of separators opposite to a surface facing the electrode. 
[0004] 1 

When the fuel gas is supplied to £he reaction surface of one electrode, hydrogen 
is ionized, and moves to the other electrode via the solid polymer electrolyte membrane. 
Electrons generated during the reaction process are taken out to an external circuit, and 
are used as direct-current electric energy; 

Since the oxidant gas is supplied to the other electrode, the hydrogen ions, the 

fi 

electrons and the oxygen react with each other to thereby generate water. 

The surface on the opposite side 1 of the electrode reaction plane of the separator 
is cooled by the cooling medium flowing between the separators. 
[0005] . j 

Since these reactant gases and the cooling medium should flow in respectively 


i 
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independent passages, a sealing technique, which separates each passage, is important. 

The portions to be sealed portion include; for example, the peripheries of 
communication holes formed penetrating through the separator so as to distribute and 

i 

supply the reactant gas and the cooling medium to each fuel cell unit in the fuel cell 
stack, the outer peripheries of membrane Electrode assembly formed of the solid 
polymer electrolyte membrane and a pair of electrodes arranged on opposite sides 
thereof, the outer peripheries of a coolant passage plane of the separator, and the outer 
peripheries of front and back faces of the separator. As the sealing material, an elastic 
and adequately resilient material, for example, an organic rubber, is adopted. 
[0006] 

Conventionally, a fuel cell having an electrode structure by sandwiching solid 
polymer electrolyte membrane by a pair of electrodes and sandwiching the outside 
thereof by a pair of separators, comprises an electrode structure (as shown in Fig. 17) 
constituted by sandwiching a solid polymer electrolyte membrane having a larger outer 
size between a pair of gas difiusion layers each having the same size and the outer size 
thereof is smaller than that of the solid polymer electrolyte membrane, as disclosed in 
Japanese Unexamined Patent Application, First Publication No. Hei 8-148169. In this 
type of fiiel cell 40, the passage for the fuel gas 41 and the passage for the oxidant gas 42 
are sealed by clumping with a pair of Orings the portion of the solid polymer electrolyte 
membrane 45, which is protruded from the outer peripheries of the anode electrode 43 
and the cathode electrode 44. 
[0007] 

[Problems to be solved by the Invention] 

However, in such a sealing structure, a problem arises in that sealing of 
passages may be failed if a pair of O-rings disposed on both side of the solid polymer 

i 


electrolyte member is sufficiently aligned. 

For example, as shown in Fig, if two O-rings on both surface of the solid 

i 

polymer electrolyte membrane are disposed out of positions, the pressure of both 
O-rings press the solid polymer membrarie and the solid polymer electrolyte membrane 
45 is be deformed such that the surface pressure of the O-rings becomes insufficient to 

provide a hermetic seal. In addition, an unfavorable phenomenon will be caused by 

" *. 

deformation of the solid polymer electrolyte membrane in that the solid polymer 
electrolyte membrane will be peeled off from the anode electrode 43 and the cathode 
electrode 44. 

In order to avoid such unfavorable problems, the groove to align O-rings must 
be formed in a very precise manner, which results in increasing the manufacturing cost. 
[0008] 

i 

Since the fuel cell 40 is used as a fuel cell stack after stacking a plurality of fuel 
cell units, the thickness of the fuel cell uiut is desired to be as thin as possible. 
[0009] 

An object of the present invention is to solve the aforementioned problems and 
to provide fuel cell units and a fuel cell stack formed by stacking a plurality of fuel cell 
units, wherein those fuel cell units and a fuel cell stack have an improved sealability 
between the membrane electrode structures and separators, a reduced cost, and an 
improved thickness in the direction of stacking. 
[0010] 

[Means for solving the problem] 

In order to solve the above problems, the first aspect of the present invention 
provides a fuel cell which comprises a pair of separators (for example, a first separator 3 
and a second separator 4 in the embodiment) sandwiching outsides of an electrode 


structure composed of a pair of electrodes provided on both sides of a solid polymer 
electrolyte membrane, an outer seal member sandwiched by a pair of separators at a 
position surrounding an outer periphery of said electrode structure, an inner seal member 
sandwiched by one (for example, the second separator 4 in the embodiment) of the pair 
of separators and an outer periphery of said electrolyte membrane, and a backing 
member (for example, an anode electrode in the embodiment) opposing to said inner seal 
member interposing said electrolyte membrane, wherein a step is formed at contact 
surfaces (a first plane portion 22 and a second plane portion 23 in the embodiment) of 
said inner seal member and said outer seal, member on one of said pair of separators. 
[0011] 

i 

In the fuel cell according to the first aspect of the present invention, since the 
outer seal member surrounding the periphery of the electrode structure tightly seals a 
space between the first and second separators, and the inner seal member which is 
arranged at the outer periphery of the electrolyte membrane constituting the electrode 
structure at the inner side of the outer sea) member tightly seals the space between the 
separator and the electrolyte membrane, the space between separators are separated on 
both side of the electrolyte membrane into; two separated regions, one of which is 
located at the anode side and the other one is located at the cathode side. 
[0012] 1 

Since the inner seal member and the second separator sandwiches the 
electrolyte membrane together with the bricking member, the thin electrolyte membrane 
is reinforced by the backing member so that it can be protected from being deformed by 
a pressure through the inner seal member. In addition, since the electrolyte membrane 

is not deformed, the inner seal member is able to maintain sufficient surface pressure to 

' f 

attain the sufficient sealing ability. 
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[0013] 

In the above case, in contrast to the outer seal member tightly which seals the 
space between two separators, the inner seal member performs tight sealing between two 
separators including the electrolyte membrane and the backing member in between, so 
that a difference in thickness is generated between the inner seal member and the outer 
seal member. For example, even when the thickness of the inner seal member is set to 
a minimum thickness including a deformable portion for sealing, the thickness of the 
outer seal member which must seals a wider space than that for the inner seal member 
becomes excessively thick. 
[0014] 

In both separators in contact with the outer seal member and the inner seal 
member, if the heights of the contact planes with both seal members are changed, that is, 
if a step is formed between respective contact planes, it becomes possible to reduce the 
thickness of the outer seal member, whic a results in reducing the material consumption 
of the seal member and reducing the product cost. In addition, since it is possible to 
reduce the thickness of the outer seal member while maintaining the necessary thickness 
for the inner seal member, it is possible to reduce the thickness of the fuel cell unit. 
[0015] 

In a fuel cell according to the second aspect of the present invention, the anode 
electrode or the cathode electrode is used as the backing member of the electrolyte 
membrane. 

According to the second aspect of the present invention, the fuel cell uses a 
backing member of the electrolyte membrane the anode electrode or the cathode 
electrode, without using a separate element. 

Application of the anode electrode or the cathode electrode to the electrolyte 


membrane without using a separate element as the backing member makes it possible to 
reduce the number of parts in the fuel cell and to reduce the product cost. 
[0016] 

According to the third aspect of the present invention, the present invention 

. i 

proposes to use the second separator as a backing member for reinforcing the electrolyte 
membrane. 

Application of the second separator to the electrolyte membrane as the backing 
member without using a separate element makes it possible to reduce the number of 
parts in the fuel cell and to reduce the product cost. 
[0017] 

The fourth to sixth aspects of the present invention propose a fuel cell stack, 
formed by stacking a plurality of fuel cells according to one among the first to the third 
aspects. 

Since the thickness of the individual fuel cell is reduced as described above, the 
thickness of the fuel cell stack can be reduced by an amount corresponding to the 
reduced thickness for a fuel cell times the number of stacked fuel cells for forming the 
fuel cell stack. 
[0018] 

EMBODIMENTS OF THE INVENTION 
Hereinafter, embodiments of the present invention will be described with 
reference to the attached drawings. 

A fuel cell according to the present embodiment is, as shown in Fig. 1, 
constructed by sandwiching a electrode structure 2 with a pair of separators (first 
separator 3 and second separator 4), by tightly sealing the space between the fust 
separator 3 and the second separator 4 ^th an outer peripheral sealing member 5 so as 
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to surround the electrode structure 2, andiby tightly sealing the space between the second 
separator 4 and the electrode structure 2 with a inner peripheral sealing member 6. 

[ooi9] : 

The aforementioned electrode structure comprises a solid polymer electrolyte 

i 

membrane 8 (hereinafter, abbreviated as electrolyte membrane), made of a 
perfluorosulfonate polymer, and an anode electrode 7 and a cathode electrode 9, which 
sandwich both surfaces of the electrolyte membrane 8. 

The anode electrode 7 and cathode electrode 9 are constituted by, for example, 
laminating a catalyst layer made of a platinum alloy mainly formed by platinum, on a 
gas diffusion layer of the electrolyte membrane 8, wherein the gas diffusion layer is 
formed by a porous carbon cloth or a porous carbon paper. 
[0020] 

The aforementioned electrolyte membrane 8 is configured to a rectangular and 
the anode electrode 7 is formed covering the total surface area of the electrolyte 
membrane or covering a bigger area than the total area of the electrolyte membrane 
protruding from the edge of the electrolyte membrane 8. The cathode electrode 9 is 
formed in a smaller area than that of the anode electrode. These electrolyte membrane, 
anode electrode, and cathode electrode are formed such that the center of gravity of each 
element coincides and each element has the same dimension from the edge of the 
electrolyte membrane. The anode electrode 7 thereby covers the whole surface of one 
surface of the electrolyte membrane 8 like .a backing, and in contrast, the outer periphery 
of the other surface of the electrolyte membrane 8 is exposed and the inside of this 
surface is covered by the cathode electrode 9. 
[0021] 

The aforementioned first separator 3 and the second separator 4, as shown in 
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Fig. 1, comprise a corrugated sheet portiah 10 in which a plurality of concave and 
convex portions having a certain height are formed in a certain pattern by press molding 
a stainless steel plate material having a plate thickness of from 0.2 to 0.5 mm; a fuel gas 
supply port 1 1, an oxidant gas supply port 12, a cooling medium supply port 13, a fuel 
gas exhaust port 14, an oxidant gas exhaust port 15, a cooling medium exhaust port 16 
for supplying and exhausting the fuel gas (for example, hydrogen gas) and oxidant gas 
(for example, air containing oxygen) and the cooling medium (for example, water); and 
furthermore, a plane portion 17 disposed so as to respectively surround these supply 
ports 11 to 13 and these exhaust ports 14 io 16. 
[0022] 

The above-described cooling medium supply port 13 and the cooling medium 
exhaust port 16 are disposed at the cente/ portion in the direction of width of the 
separators 3 and 4, as shown in Fig. 3. The fuel gas supply port 1 1 and the oxidant gas 
supply port 12 are disposed on both sides of the separators 3 and 4 in the direction of the 
width interposing the cooling medium supply port 13 therebetween. Furthermore, the 
fuel gas exhaust port 14 and the oxidant gas exhaust port 1 5 are disposed on both sides 
of the separators 3 and 4 in the direction of the width interposing the cooling medium 
exhaust port 16 therebetween. These fuel gas exhaust port 14 and the oxidant gas 
exhaust port 15 are disposed respectively so as to occupy diagonal positions of the fuel 
gas supply port 11 and the oxidant gas supply port 12. 
[0023] 

Fig. 4 shows a longitudinal cross-section of the side portion of the fuel cell 
along the A-A line in Fig. 3, Fig. 6 shows a longitudinal cross-section of the fuel cell 
adjacent to the fiiel gas inlet port 12 along the B-B line in Fig. 3, Fig. 8 is a longitudinal 
cross-section of the fuel cell adjacent to the oxidant gas inlet port 13 along the C-C line 


t 
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in Fig; 3, and Fig. 10 is a longitudinal cross-section of the fuel cell adjacent to the 
cooling medium inlet port 13 along the D-D line in Fig. 3. Figs. 5, 7, 9, and 1 1 are 
longitudinal cross-sections of the fuel stacks 18, in which two fuel cells shown 
respectively in Figs. 4, 6, 8, and 10 are stacked. 
[0024] 

As shown in Fig. 4, regarding the aforementioned corrugated portions 10 of the 
first and second separators, the corrugated portion 10 of the first separator 3 defines a 
passage 19 for the fuel gas between the anode electrode 7, which constitutes the 
electrode structure 2, and the corrugated portion 1 0 of the second separator 4 defines a 
passage 20 for the oxidant gas. As shown in Fig. 5, in the state when a fuel stack is 
formed by stacking fuel cells, a corrugated portion 10 of the first separator 3 of an 
adjacent fuel cell 1 and the corrugated portion 10 of the second separator 4 form a 
passage 21 for circulating the cooling medium. 
[0025] 

As shown in Fig. 1, the aforementioned plane portion 17 of the second 
separator 4 is divided into a first plane portion 22, which is in contact with the inner seal 
member 6, and a second plane portion 23, which is in contact with the outside seal 
member 5. 

The first plane portion 22 is disposed so as to face a protruded portion (shown 
as a portion defined by oblique lines in Fig. 2) of the anode electrode 7, which is 
protruded from the outer periphery of the cathode electrode 6 by an amount 
corresponding to the height difference of both electrodes. 
[0026] 

The second plane portion 23 is disposed so as to enclose the electrode 
structure at the outer side of the outer periphery of the electrode structure 2 when the 
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electrode structure 2 is disposed facing to the corrugated portion 10- In addition, the 
second plane portion 23 continuously extends around the supply ports of the fuel gas, 
oxidant gas, and cooling medium, and the exhaust ports of the fuel gas, oxidant gas, and 
cooling medium, which are disposed at further outside of the second plane portion 23. 
[0027] 

As shown in Fig. 4, in the fuel cell according to the present embodiment, a step 
is formed between the first plane portion 22 and the second plane portion 23. That is, 
the first plane portion 22 and the second plane portion 23 are respectively disposed in 
two parallel planes, which are separated by a certain distance in the normal direction. 

The height of the step is preferably the same dimension as that of an total 
thickness of the anode electrode 7 and the electrolyte membrane 8. 

The plane portion 24 of the first separator 3 is disposed in a plane located 
opposing to the first plane portion 22 and the second plane portion 23 of the second 
separator 4. 
[0028] 

As a result, the inner seal member 6 and the outer seal member 5 are formed so 
as to have the same cross section. In this arrangement, both seal members are 
preferably provided with a height in size, which is a minimum required for obtaining a 
sufficient hermetic seal. 
[0029] 

As shown in Fig., 3, the inner seal member 6 is formed in an approximately 
rectangular shaped ring to be in contact with the exposed portion of the electrolyte 
membrane 8 of the electrode structure 3. 

The outside seal member, in contrast, is formed by a plurality of approximately 
rectangular rings comprising a large and approximately rectangular ring portion 5a 
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surrounding the electrode structure, and a plurality of rectangular ring portions 5b to 5g 
surrounding the inlet ports 11,12, and 13 and the exhaust ports 14, 1 5, and 16 for the 
fuel, oxidant gas, and cooling medium. All ring portions 5a to 5g are united in a 
integrated form, partially sharing the overlapping portions of respective rings, and 
thereby the sealing area is limited in a minimum area. In addition, the inner sealing 
member 6 and the outer sealing member 5 are integrated by connecting to each other 
through a connecting portion 25, and thereby the reduction of the number of parts are 
realized. 
[0030] 

As described above, provisions of the outer sealing member 5 and the inner 
sealing member 6 allows defining and tight sealing or liquid tight sealing of the supply 
ports 11,12 and 13 and exhaust ports 14, 15, and 16 of the fuel gas, oxidant gas, and 
cooling medium and the corrugated portion 10. Furthermore, in order to circulate and 
exhaust the fuel gas and oxidant gas through respective passages 19 and 20 formed 
between corrugated portions 10 by inputting from respective supply ports 1 1 and 12 and 
in order to exhaust these gases from respective exhaust ports 14 and 15, communication 
portions 26 and 27 are formed for communicating between intermediate portions of each 
supply port and each passage and intermediate portions between each exhaust port and 
each passage, detouring the outer sealing member 5 and the inner sealing member 6. 
[0031] 

As shown in Figs. 6, 7 and 12, in these communicating portions 26 and 27, the 
communication portion 26 of the oxidant gas, for example, is formed by crossing a 
bridge member 29 on a concave portion 28 in the direction along the seal members 5 and 
6. The aforementioned concave portion 28 is formed by partially indenting the first 
plane portion 22 and the second plane portion 23 at a wider width than the total width of 
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the outer seal member 5 and the inner seal member 6, and the bridge member 29 is 
formed to be narrower in the width than the width of the concave portion and is formed 
to be wider in the width than the total width of the outer seal member 5 and the inner 
seal member 6. The surface plane of the bridge member 29 is formed covering the 
concave portion 28 having a step in the level so as to connect the first plane portion 22 
and the second plane portion 23 without difference in the level, and both ends of the 
bridge member are received in respective positioning recesses 30 formed on both sides 
of the concave portion 28 by a depth corresponding to a plate thickness. 
[0032] 

According to the aforementioned construction, the outer seal member 5 and the 
inner seal member 6 allow circulation of the oxidant gas only at the communication 
portion 26 and the other portions are maintained at the tightly sealed state such that the 
oxidant gas supplied from the supply por 12 can be circulated on the surface of the 
cathode electrode 9 through the communication portion 26. 
[0033] 

Fig. 12 is a perspective view showing a communication portion adjacent to 
the oxidant gas inlet port, including a partial cross-section along the B-B line shown in 
Fig. 3. By constituting the fuel stack as shown in Fig. 12, the oxidant gas which is 
flown in from the oxidant gas inlet ports 12 opening while communicating in the 
direction of the stacking direction of the fuel cells as shown by arrows in the figure, is 
branched into a plurality of oxidant gas passages 20 formed between respective 
separators 3 and 4, in order to make a detour around the outer seal member 5 and the 
inner seal member 6. 
[0034] 

As shown in Figs. 8 and 9, similarly to the oxidant gas, the fuel gas supplied 
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from the supply port 11, can be circulated in the passage 19, which is defined between 
the first separator 3 and the anode electrode 7, by forming a communication portion 27 
by crossing a bridge member 32 on the concave portion 3 1 formed by partially 
depressing the first separator 3, defining the passage 19 of the fuel gas. 
[0035] 

In the fuel gas stack formed by stacking a plurality of fuel cells, a seal member 
33 is disposed between the first separator 3 of one fuel cell 1 and the second separator 4 
of the other adjacent fuel cell 1 in order define supply ports 1 1 and 12 and exhaust ports 
14 and 15 of the fuel gas and the oxidant gas and to define a cooling medium passage 
from the inlet port 13 to the exhaust port 16 of the cooling medium. The seal member 
is disposed between two rear surfaces of respective second plane members 23 of two 
adjacent fuel cell units in order to support the seal member 33 in a stable and reliable 
manner because two separators 3 and 4 are formed by press molding the metal plates. 
[0036] 

Hereinafter, operations and effects of the fuel cell 1 and the fuel cell stack 1 8 
are explained. 

In the fuel cell 1 according to the present embodiment, since the anode 
electrode 7 forming the electrode structure 2 supports one surface of the electrolyte 
membrane 8, the electrolyte membrane 8 is not deformed and is held in place by addition 
of the pressure of the inner sealing member Accordingly, not only the hermetic seal 
between the electrolyte membrane 8 and the inner seal member 6 can be maintained, but 
also a force is not applied both electrodes 7 and 9 to be peeled from the electrolyte film 8, 
the electrode structure is maintained at a sound state. 
[0037] 

In the above case, if it is desired to hold the aforementioned hermetic seal just 
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by sandwiching the electrolyte membrane 8 and the anode electrode 7 between the inner 
seal member 6 and the first separator 3, a difference in height is caused, as shown in Fig. 
13, between a space between the electrolyte membrane 8 and the second separator 4 to 
be sealed by the inner sealing member 6 and a space between the first separator 3 and 
the second separator 4 to be sealed by the outer seal member 5. If the height of the 
inner seal member 6 is set at a minimum required height for sealing the space, the height 
of the outer seal member 5 for sealing a higher space than that of the space for the inner 
sealing member 6 becomes so high that requires useless seal material. 
[0038] 

In the present embodiment, since* a step is formed between the first plane 
portion 22 and the second plane portion 23, the difference of the height between the 
space to be sealed by the outer seal member 5 and the space to be sealed by the inner 
seal member 6 can be reduced. In particular, when the height of the step is made 
identical with the total thickness of the thickness of the anode electrode 7 and the 
thickness of the electrolyte membrane 8, both space heights to be sealed by the outer and 
inner seal member 5 and 6 can be the same. Consequently, heights of the outer seal 
member 5 and the inner seal member 6 can be the same as that of the minimum height 
for sealing the space, which results in saving the material and reducing cost. 
[0039] 

In the fuel cell according to the present embodiment, when compared with the 
fuel cell shown in Fig. 13, which does not have a step, it is possible to reduce the 
thickness between th thickness between both separators 3 and 4 by the size of the step. 
The above effect is obtained due to the reduction of the space itself between the first 
separator 3 and the second separator which has been sealed by outer seal member 5, 
whose thickness has been unnecessarily thick when the seal member 33 between two 
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fuel cells is set at a minimum size, by dropping a part of the first plane portion 22 in 
contact with the inner seal member 6 in the plane portion 17 of the second separator 4 in 
contact with both outer seal member 5 and the inner seal member 6. 

As a result, although the respective passages 19 to 21 becomes narrower, no 
problems arise because sufficient areas can be secured for these passages 19 to 21 by 
optimizing the pitches and so on of the corrugated portion 10. 
[0040] 

That is, it is possible to say that the thickness of a fuel cell is determined by the 
outer seal members disposed back to back on both sides of the separators 3 and 4 and the 
thickness of the seal member 33 for sealing two fuel cells. Accordingly, it is possible 
to reduce the thickness of the outer seal members while maintaining the thickness of the 
seal member 33 for sealing to adjacent fuel cells is at a minimum thickness. 
[0041] 

Moreover, since the fuel cell stack 8 according to the present embodiment is 
constituted by stacking a plurality of fuel cells having a reduced thickness as described 
above in the direction of thickness, the total thickness of the fuel cell stack becomes thin 
by an amount corresponding to the reduced thickness of a fuel cell times the number of 
fuel cells being stacked. Since the number of fuel cells of the fuel ceil stack is 
normally around 100, the effect of reducing the thickness for a fuel cell is enormous. 
As a result, it is possible to reduce a setting space to a large extent when a fuel cell stack 
18 is loaded on a vehicle. 
[0042] 

Note that the present invention is not limited to use an anode electrode 7 as 
shown in the above embodiment as the backing member for the electrolyte membrane, 
which contacts to the inner seal member 6. 
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In place of the anode electrode, for example, it is possible to insert a cathode 
electrode in between the first separator 3 and the inner seal member 6. 
[0043] 

In the above embodiment, the outer seal member 5 and the inner seal member 6 
are integrated by connecting using a connecting portion 25 in order to reduce the number 
of parts of the fuel cell assembly. However, the present invention is not limited to this 
constitution, and as shown in Fig. 14, for example, it is a matter of course to produce 
and arrange the outer seal member 5 and the inner seal member 6 as separate parts for 
sandwiching the electrolyte membrane 8, 
[0044] 

Furthermore, as shown in Fig, 1 5, it is possible to adopt a structure to directly 
sandwich the electrolyte membrane between the inner seal member 6 and a backing 
plane portion 34, which is formed by protruding downwardly a part of the first separator 
3 opposing to the inner seal member 6 interposing the electrolyte membrane 8 by a 
thickness of the anode electrode. 
[0045] 

In addition, although, in the above embodiment, a structure is adopted in which 
both of the outer seal member 5 and the inner seal member 6 are supported by the plane 
portion 17 of the second separator 4, it is possible, instead, as shown in Fig. 16, to 
provide the outer seal member on the first separator 3 and to provide the inner seal 
member on the second separator 4. 
[0046] 

In the above embodiment, a description was provided that it is preferable to set 
the difference of the level between the first plane portion 22 and the second plane 
portion 23 at an amount corresponding to, a sum of thickness of the anode electrode 7 
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and thickness of the electrolyte membrane. However, in place of the above structure, 
the difference of the level may be suitably selected based on various reasons such as for 
ensuring spaces of passages 19 to 22 for oxidant gas, fuel gas, and cooling medium or by 
other reasons. 

In addition, the seal members 5 and 6 may be adhered to separators at the time 
of assembly, or may be assembled integrally with the separators. 

In addition, although the separators in the above embodiment are formed by 
metal plates, instead, a compact carbon materials may be used. 

[0047] 
[Effects of the Invention] 

As described above, the present invention exhibits following effects. 

(1) The first aspect of the present invention provides a fuel cell, in which both side 
surfaces of the electrolyte membrane is not sandwiched by seal members, but one 
surface of the electrolyte membrane is provided with a backing member, so that the 
electrolyte membrane does not deform so that it is possible to define tightly sealed 
passages on both side surface of the electrode structure. 

In addition, it is possible to reduce a step as the difference in the level between 
the space to be sealed by the inner seal member and the space to be sealed by the outer 
seal member. As a result, it is possible to optimize the thickness of respective seal 
members which results in reducing useless material cost, and reducing interval between 
separators which results in reduction of the thickness of the fuel cell. 
[0048] 

(2) In the fuel cell according to the second aspect of the present invention, the anode 
electrode or the cathode electrode is used as the backing member, so that the above 
effects are obtained without increasing the number of constituting parts while reducing 
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the product cost. 
[0049] 

(3) In the fuel cell according to the third aspect, the backing member is formed by the 
other separator, it is possible to reduce an anode electrode or a cathode electrode, which 
does not contribute to power generation and to further reduce the product cost further. 
In particular, since the separator is formed by, for example, press forming a metal plate, 
the shape of the separator may be freely modified and the separator is a preferable 
element for use as the backing member of the electrolyte membrane. 

[0050] 

(4) Since a fuel cell stack according to the fourth aspect of the present invention is 
formed by stacking a plurality of the fuel cells whose thickness is reduced as described 
above, the total thickness can be reduced by an amount corresponding to the reduced 
thickness for a fuel cell times the numbe> of furl cells of the fuel cell stack. 
Accordingly, it is possible to reduce the setting space of the fuel cell stack when it is 
loaded in a vehicle. 

[Brief Description of the Drawings] 

Fig. 1 is an exploded perspective view showing constituting elements of a fuel 
cell according to the first embodiment of the present invention. 

Fig. 2 is a plan view showing an electrode structure used in the fuel cell shown 

in Fig. 1. 

Fig. 3 is a plan view showing a schematic assembled state of the constituting 
elements of the fuel cell shown in Fig. 1 . 

Fig. 4 is a cross-sectional view of a lateral of a fuel cell shown in Fig. 1 along 
A- A line shown in Fig. 3. 
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Fig. 5 is a longitudinal cross-sectional view of a fuel cell stack formed by 
stacking two fuel cell units. 

Fig. 6 is a longitudinal cross-sectional view of the fuel cell shown in Fig. 1 cut 
along B-B line shown in Fig. 3 in the vicinity of the inlet port of the oxidant gas. 

Fig. 7 is a longitudinal cross-sectional view showing a fuel cell stack formed by 
stacking two fuel cell units. 

Fig. 8 is a longitudinal cross-sectional view of the fuel cell shown in Fig. 1 cut 
along C-C line shown in Fig. 3 in the vicinity of the inlet port of the fuel gas . 

Fig. 9 is a longitudinal cross-sectional view of the fuel cell stack formed by 
stacking two fuel cell units shown in Fig. 8. 

Fig. 10 is a longitudinal cross-sectional view of the fuel cell shown in Fig. 1 cut 
along D-D line shown in Fig. 3 in the vicii ity of the inlet port of the cooling medium. 

Fig. 11 is a longitudinal cross-sectional view of the fuel cell stack formed by 
stacking two fuel cell units shown in Fig 10. 

Fig. 12 is a perspective view showing a communication portion adjacent to 
the oxidant gas inlet port, including a partial cross-section along the B-B line shown in 
Fig. 3. 

Fig. 13 is a longitudinal cross-sectional view explaining the action of the fuel 
cell shown in Fig. 1 . 

Fig. 14 is a longitudinal cross-sectional view showing a first modified example 
of the fuel cell shown in Fig. 3. 

Fig. 15 is a longitudinal cross-sectional view showing a second modified 
example of the fuel cell shown in Fig. 3. 

Fig. 16 is a longitudinal cross-sectional view showing a third modified example 
of the fuel cell shown in Fig. 13. 
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Fig. 17 is a longitudinal cross-section explaining a sealing structure of a 
conventional fuel cell. 

Fig. 18 is a longitudinal cross-sectional view explaining the case when the 
position of th O-ring is shifted in the sealing structure of a conventional fuel cell. 

[Brief Description of the Reference Symbols] 

1. Fuel Cell 

2. Electrode Structure Body 

3. First Separator (Separator) 

4. Second Separator (Separator) 

5. Outer Seal Member 

6. Inner Seal Member 

7. Anode Electrode (Backing Member) 

8. Electrolyte Membrane 

9. Cathode Electrode 
18. Fuel Cell Stack 

22. First Plane Portion (Contact Surface) 

23. Second Plane Portion (Contact Surface) 
33. Backing Plane Portion (Backing Member) 
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[Document Type] Abstract 
[Abstract] 

[Problem to be Solved by the Invention] The present invention is made to improve 
the sealing capability between the electrode membrane structure and separators and to 
reduce cost and to reduce thickness of the fuel cell stack. 

[Means for Solving the Problem] The present invention provides a fuel cell 
comprising a pair of separators sandwiching outsides of an electrode structure composed 
of a pair of electrodes provided on both sides of a solid polymer electrolyte membrane, 
an outer seal member sandwiched by a pair of separators at a position surrounding an 
outer periphery of said electrode structure, an inner seal member sandwiched by one of 
the pair of separators and an outer periphery of said electrolyte membrane, and a backing 
member opposing to said inner seal member interposing said electrolyte membrane, 
wherein steps are formed at contact surfaces of said inner seal member and said outer 
seal member on one of said pair of separators. 


